INTRODUCTION
Mixed cryoglobulinemic vasculitis is caused by circulating cold-precipitable immunoglobulins, or cryoglobulins, composed of monoclonal (type II) or polyclonal (type III) IgM directed against a polyclonal IgG. It causes palpable purpura and has long been associated with hepatitis C virus (HCV) infection. The initial theory regarding the new antiviral medications, which have been so successful in treating hepatitis C, was that once the HCV was treated, the mixed cryoglobulinemic vasculitis would also resolve. Although initial studies confirmed this theory, later studies found that the vasculitis is persistent in some patients despite successful HCV treatment. Vasculitis occurred within months after treatment of HCV infection in most cases in the literature, but we present 3 cases of mixed cryoglobulinemic vasculitis months to years after successful HCV treatment and negative viral load and a review of the current literature.
REPORT OF CASES Case 1
A 54-year-old man with history of hepatitis C treated with peginterferon a-2a, ribavirin, and telaprevir with undetectable viral load since 2012, presented in February 2016 with a rash on his legs for 6 weeks. He presented with a similar rash annually for about 4 years, which was diagnosed as vasculitis and successfully treated with prednisone each time. Physical examination showed erythematous nonblanching papules and patches on his lower legs and medial thighs (Fig 1) . Punch biopsy results were consistent with leukocytoclastic vasculitis (LCV), and direct immunofluorescence showed an IgM-mediated vascular inflammatory process. Laboratory values showed positive rheumatoid factor and cryoglobulins. His HCV viral load was undetectable. He was given 2 prednisone tapers followed by 2 infusions of 1 g of rituximab separated by 2 weeks with gradual improvement. Four months after his last rituximab infusion, the patient had another flare of cutaneous vasculitis and was treated with a prednisone taper and 2 additional rituximab infusions. His skin remained clear at last follow-up.
Case 2
A 51-year-old white man with a 1-year history of LCV presented with positive type II cryoglobulins and HCV viral load of 1.9 million IU/mL in December 2009. Over the next 2 years, he was admitted for renal failure multiple times owing to cryoglobulinemia, treated with plasmapheresis, intravenous immunoglobulin, and rituximab. His HCV was treated with peginterferon a-2a and ribavirin twice, with telaprevir added on the second round, completed in 2012.
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DAA: direct-acting antiretrovirals HCV: hepatitis C virus LCV: leukocytoclastic vasculitis All subsequent measurements of HCV viral load showed undetectable levels. However, he continued to have admissions for acute kidney injury, fevers, and rash associated with positive serum cryoglobulins whenever attempts were made to reduce plasmapheresis treatments to fewer than once a week. He was started on cyclophosphamide and corticosteroids in June 2013 in addition to continuation of weekly plasmapheresis, in an attempt to reduce cryoglobulin production. He was subsequently treated with azathioprine, cyclophosphamide, mycophenolate mofetil, and finally rituximab in 2015. This treatment led to a brief remission of symptoms, but rituximab was required again after a relapse in May 2016. Rituximab has improved clinical symptoms, but the patient remains plasmapheresis dependent.
Case 3
A 60-year-old white woman with a history of LCV manifested as livedo reticularis, mixed cryoglobulinemia (MC), and HCV treated with ribavirin and peginterferon a-2a presented in 2015 with livedo reticularis, increased creatinine, and proteinuria. Her HCV viral load had been undetectable since treatment was completed in 2009 and remained undetectable during this acute flare of MC. A kidney biopsy found membranoproliferative glomerulonephritis with features suggestive of cryoglobulinemic glomerulonephritis (Fig 2) . Kidney electron micrograph showed granular to coarsely granular subendothelial and mesangial deposits, suggestive but not diagnostic for cryoglobulinemia ( Fig 3) . She was treated with corticosteroids and 4 doses of 500 mg of rituximab weekly, after which the rash resolved, and rheumatoid factor, complement levels, and urine protein returned to normal. Ten months later, she remained asymptomatic, and laboratory evaluation for cryoglobulinemia was negative (See Table I for a summary of these cases in addition to a summary of cases in the literature.).
DISCUSSION
With the advent of direct-acting antiretrovirals (DAA) for hepatitis C infection, many patients who would have otherwise had chronic hepatitis C and the long-term sequela have had sustained viral response and clinical remission of disease. Directacting antiretrovirals are molecules that target specific nonstructural proteins of the virus and result in disruption of viral replication and infection. The first DAAs for hepatitis C were protease inhibitors, telaprevir and boceprevir, usually used in conjunction with peginterferon and ribavirin. 1 These are rarely used now because of the introduction of more potent and better-tolerated DAAs, which can be used without interferon, and, in many cases, ribavirin.
MC is an autoimmune disorder associated with hepatitis C that has significant morbidity and mortality. 2 Historically, renal involvement is found to be the leading cause of mortality. Other poor prognostic factors include age greater than 60 years, intestinal ischemia, pulmonary hemorrhage, and high cryocrit levels. Mortality has also been linked to lymphoma, cardiovascular disease, hepatocellular carcinoma, and liver disease. 2 Initial studies regarding MC and newer treatment modalities showed that response to antivirals was associated with significantly reduced mortality risk. 2 Gragnani et al 3 reported in 2015 that MC was a negative prognostic factor of virologic response to pegylated interferon plus ribavirin treatment but that those who cleared HCV had persistent resolution or improvement of the MC syndrome. In 2016, Gragnani et al 4 reported a 100% rate of clinical response of MC vasculitis with successful treatment of hepatitis C with DAA. However, recent articles report persistent MC vasculitis despite eradication of the hepatitis C virus. [5] [6] [7] Most of the cases in the literature occurred within months of treatment of HCV, so the presented cases are notable because of the length of time between clearance of HCV and MC vasculitis (4 to 6 years, see Table I ). Case 2 is also notable in that the patient's disease was severe and recalcitrant to any treatments, including plasmapheresis, intravenous immunoglobulin, rituximab, cyclophosphamide, azathioprine, and mycophenolate mofetil.
It is unclear why some patients with MC vasculitis have resolution of symptoms with successful treatment of hepatitis C and some do not. Sollima et al 5 suggested several hypotheses including greater severity and more advanced stage of MC vasculitis, delayed clearance of circulating cryoglobulins compared with HCV clearance, or incomplete suppression of B-cell clonal proliferation driving cryoglobulin production. Delayed clearance of circulating cryoglobulins seems unlikely in our presented cases given the length of time between undetectable viral load and presentation of recurrent MC vasculitis (4 years in cases 1 and 2, 6 years in case 3). Patients 1 and 3 both had resolution of cryoglobulinemia and clinical symptoms with multiple courses of rituximab, suggesting a B-cell process; however, patient 3 continues to suffer from MC vasculitis despite multiple courses of rituximab and other immunosuppressants.
There are several other possible explanations for persistent MC. Consider HIV, in which there is a reservoir of the virus in tissue despite an undetectable viral load. A recent study evaluated pathologic tissues at autopsy from patients with antiretroviraltreated HIV with undetectable viral load, and showed that HIV DNA was present in 48 of 87 brain tissues and 82 of 142 nonbrain tissues, including spleen, lung, lymph nodes, liver, aorta, and kidney. No patients were completely free of tissue HIV. 8 Although the phenomenon of reactivation of infection does not occur with HCV as it does with HIV, it is possible that such a reservoir, in tissue or in the B cells themselves, could be periodically activating the immune system and causing production of cryoglobulins. There could also be persistent but inactive circulating viral particles despite sustained viral response, causing such a reaction. Conversely, the virus may be completely cleared, but the immune system may have been primed in some way by the HCV to continuously or episodically produce cryoglobulins.
It is important for practitioners to keep in mind that undetectable viral load and sustained viral response after successful hepatitis C treatment does not rule out MC vasculitis, even 6 years later. Given the evidence that successful treatment may reduce morbidity and mortality of MC vasculitis, treatment of HCV with DAAs is still important to these patients' care; however, further monitoring and treatment of MC vasculitis is indicated if clinical symptoms persist.
